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METABOLIC STUDIES ON SKIN.
I ISOLATION OF VARIOUS MOUSE SKIN COMPONENTS; THEIR OXYGEN CONSUMPTION AND
UTILIZATION OF 1CI4ACETATE*
S. C. BROOKS, PH.D., V. C. GODEFROI, M.S. AND W. L. SIMPSON, Pn.D., M.D.
Rodent, dog, and human skin have been the
subject of many biochemical and metabolic
studies (1—12). As a result, considerable insight
has been gained into the capacity of the skin to
perform glycolysis, carry out the tricarboxylic
acid cycle, and synthesize lipids and proteins.
The data suggest that the skin is unique in many
of its metabolic processes and products, e.g., the
major role of the pentose shunt (3, 8) in contrast
to the relative inactivity of the tricarboxylic
acid cycle (1—3, 8, 10), the synthesis of very long-
chain (C20—Cn) fatty acids (13, 14), the formation
of keratin, and the production of unusual sterols
such as 7-cholestenol and 7-dchydrocholesterol
(5).
Unlike other tissues investigated (e.g., muscle,
liver, etc.), the skin is extremely heterogeneous
in its cellular make-up. Rodent skin contains
keratinizing epidermal and hair follicle cells,
sebaceous gland cells containing large quantities
of lipid, collagen-producing fibroblasts, and
reticulum and mast cells. That each of these
widely differentiated cell types has its own meta-
bolic pattern is indicated by the work of several
investigators who have succeeded in mechanical
separation of epidermis and dermis and have
published data showing striking differences in
the metabolism of these two parts of skin (8,
11, 12).
Since it is evident that in vitro and in vico
experimentation with whole skin can only in-
dicate the summation of the various metabolic
patterns present, it is necessary to study the
metabolism of isolated skin components for
complete understanding of the skin's functions.
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The present studies combine mechanical and
enzymatic methods for dissecting mouse skin into
various structural and possibly functional parts.
These components were incubated in vitro to
determine oxygen consumption and conversion of
1 -C'4-acetate to C'4O2 and C'4-labeled lipids.
METHODS
Male Ac/Sp strain mice 4 to 9 weeks old were
used in all experiments. The mice were kept in
stainless steel cages and fed Purina chow and
water ad libitum. In order to control the phase of
the hair cycle, asphyxiated mice were used only if
the hair could be plucked from their backs. This
limited the skin used primarily to the telogen
phase (15), although it is conceivable that some
skin in the early anagen phase was included. The
skin was removed from the dorsal region with
scissors, and the panniculus adiposis and panni-
culus carnosus were scraped off with a dull scalpel.
The skin prepared in this way was partitioned by
any one or combination of the following proce-
dures.
1. Scraping. The skin was stretched, epidermis
up, between four pins on a wooden operating board
and a sharp scalpel used to remove the epidermis
from the residual dermis (16). A few drops of
physiological saline were used as a lubricant.
2. Trypsin Digestion. The patches of skin were
cut into pieces of approximately 6 sq. mm. with a
razor and scissors, and each 0.5 gm. of skin (wet
weight) was immersed in 10 ml. of Krebs-Henscleit
phosphate buffer (pH 7.0) which included 0.1%
trypsin (Worthington, 2 X crystallized), 300
units/ml. of penicillin, 300 pg./ml. of strepto-
mycin, and 0.5 mg/mI. of glucose. This mixture,
contained in a 50 ml. centrifuge tube, was placed
in a 37° C water bath and agitated by oxygen
bubbles introduced through a sintered glass gas
bubbler at the tip of the tube. After 20 minutes of
incubation the contents of the tube were poured
through a nylon screen' of approximately 0.005
sq. mm. openings; the residual skin was retained
by the screen and the liberated cells passed into
the filtrate (Figs. 3 and 4). In various cxperinients
Nylon screens used were of Feon 100% nylon
*WNA-R6MZ-RES (0.005 sq. mm. openings) and
,WNA-J2J2-AC9 (0.04 sq. mm. openings) ob-
tained from Filtration Fabrics, Division of Ameri-
can Machine and Metals, Inc., East Moline,
Illinois.
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the pieces of skin were treated from one to eight
times with trypsin in this manner. Figure 2
illustrates the skin after exhaustive (seven times)
treatment with trypsin.
The cells were kept chilled in ice until all the
filtrations were made, at which time the combined
filtrates were centrifuged at 600 X g for 10 minutes
at 00 C. Both cells and the residual skin were
washed twice with 50% bovine serum in phosphate
buffer and spun free of the wash. Pellets thus
obtained were used for the incubations pertaining
to the metabolic studies.
3. Collagenase Digestion. Five milliliters of a
0.5% solution of collagenase (Worthington) in
Krebs-Henseleit bicarbonate buffer (pH 7.0) was
added to each 0.5 gm. wet weight of whole mouse
skin pieces (6 sq. mm.) and the mixture placed in
a gas washing bottle. The buffer was supplemented
with 0.5 mg./ml. of glucose, 5 mg./ml. of arginine
(17), 1 mg./ml. of CaCl2 (18), 300 units/ml. of
penicillin, and 300 pg/mI of streptomycin. Incuba-
tions were carried out in a 37° C water bath for
33' hours while being agitated by gas bubbles
(95% 02 — 5% C02).
At the end of the digestion period the contents
of the bottle were poured through a nylon screen2
(0.005 sq. mm. openings). The filtrate was spun at
600 X g for 10 minutes at 0° C, and the pellet of
cells obtained was washed once with Krebs-
Henseleit phosphate buffer (Fig. 9). The un-
digested portion of the skin was retained by the
nylon screen (Figs. 7 and 8). Metabolic studies
were then performed on these two fractions of
mouse skin.
Incubation Procedure. All incubations with 1-C'4-
acetate were carried out at 37° C for 3 hours in
Warburg flasks cnntaining 2 ml. of Krebs-Hense-
leit phosphate buffer (pH 7.0) under an oxygen
atmosphere. The buffer was supplemented with
0.5 mg./ml. of glucose.
Separation of Metabolites. The CO2 produced
during the incubation was collected on an alkaline
filter paper placed in the center well and prepared
for radioactive assay according to the procedure
of Popjak and Tietz (19). At the end of the in-
cubation period the contents of the flasks were
refluxed for 8 hours in 50% aqueous ethanol con-
taining 15% potassium hydroxide. The nonsapon-
ifiable fraction was obtained by four petroleum
ether extractions. Next the saponifiable lipids
were extracted from the acidified incubate with
three diethyl ether extractions, and the radio-
active acetate was removed by CHCI3 — 0.5 N
H2SO4 partition chromatography (19).
Radioactivity incorporated into the non-saponi-
fiable and saponifiable fractions was counted as
an infinitely thin layer using a gas flow counting
tube. The C'402 was counted as BaCO, using a
thin window Geiger tube and the values corrected
to those of an infinitely thin layer counted in a
gas flow tube.
Viable Cell Counts. Cells were suspended in a
0.2% solution of trypan blue in phosphate buffer
and a cell count made with a haemacytometer.
The cells that did not absorb the blue dye were
assumed to be uninjured (20). In various experi-
ments the proportion of such uninjured or viable
cells ranged from 70% to 90%.
Calculation of Data. In order that the metabolic
activities of the isolated components and struc-
tures of mouse skin may be compared to each
other and to the original intact skin, all data are
expressed relative to the fresh weight of whole
mouse skin from which each was derived.
HISTOLOGICAL STUDIES OF ISOLATED
SKIN COMPONENTS
All of the technics employed for separation of
skin components were accompanied by the micro-
scopic examination of the resulting fractions.
When cells, hair follicles, etc. were liberated into
a suspension, smears were made on albumin coated
slides. These were either allowed to dry or were
fixed in absolute methyl alcohol prior to staining.
Giemsa or Wright's stain was usually employed
for the smears.
Samples of the organized fragments of skin were
routinely fixed in 10% aqueous formalin, followedby the usual paraffin histological technic and
staining with H & E, toluidine blue, thionin,
Mallory's connective tissue stain, and the periodic
acid Schiff reaction. Some preparations were
stained with Verhoeff's silver stain for reticulum
and with an acid orcein stain for elastic fibers.
The normal mouse skin (Fig. 1) separates away
easily from the muscle fascia by blunt dissection
and the application of slight tension. Usually the
epidermis has only two layers of cells, the basal
layer of cuboidal cells making up the bulk of the
epidermis, and the covering layer of flattened,
partially keratinized squamous cells. Nuclei of
the basal layer tend to be either round or oval;
the latter are usually oriented with their long axis
FIG. 1. Normal mouse skin. The fatty layer of the deep dermis has been scraped away with a blunt
scalpel before fixation. H & E, X 152
FIG. 2. Mouse skin following multiple digestion with trypsin during a period of 3 hours. Fat was
scraped from the under surface prior to the trypsin treatment. Collagenous elastic and reticular fibers
are largely unaffected and help retain the outlines of sebaceous glands and hair follicles, but the epi-
thelial cells of these structures, as well as of the epidermis itself, have been almost completely removed.
H & E, x 152
Magnification of Figures 1 and 2 is constant at X 152 showing that exhaustive trypsin treatment also
results in substantial swelling of the dermis with accompanying separation of the collagenous fibers.
FIG. 3. Cells freed from skin by trypsinization. These are derived primarily from the epidermis and
its appendages. Thionin, >< 152
FIG. 4. Higher magnification of a cluster of cells of Figure 5. Thionin, X 925
FIGs.1—4
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parallel to the surface of the skin. Nuclei of the
superficial layer are greatly flattened and quite
inconspicuous.
The thickness of the dermis varies considerably
depending on the state of the hair cycle, the age,
and the nutritional status of the animal. The latter
factor influences chiefly the deeper, fatty portion
of the dermis. In H & E stained sections of normal
skin the basement membrane is inconspicuous;
wavy, thick collagen fibers appear to fill the dermis
between the hair follicles and sebaceous glands
down as far as the fatty layer. Scattered nuclei of
fibroblasts and other connective tissue cells are
visible, but their cytoplasmic boundaries are
usually obscure. The normal sebaceous glands
nearly surround the hair follicles at the junction
of the upper and middle thirds of the dermis.
Try psin Digested Skin. Trypsin digestion of
the mouse skin leads to a progressive denudation
and loss of epithelial structures in the dermis.
With minimal digestion (one to three treatments)
the formation of vacuoles is observed at the
level of the basement membrane even in areas
where the epidermis appears to be intact. Shed-
ding of the whole epidermal covering may be
assumed to result from the coalescence of these
vacuoles (21). In other areas the enzymatic
digestion has first loosened the intercellular
bonds and permitted the superficial cells to be
washed off leaving a partial epidermal covering.
Exhaustive trypsinization completely removes
any trace of epidermis.
Sebaceous glands are attacked early by trypsin;
only a few residual cells are found in eases where
digestion of the epidermis and hair follicles is
still incomplete. After four or more treatments
by the enzyme, areas previously occupied by
sebaeeous glands are marked by holes in the
dermis in which a little granular material is
present (Fig. 2).
Where digestion of the hair follicles is incom-
plete, there appears to be more advanced destruc-
tion at the root end than at the surface. This
suggests that the enzyme penetrates the sub-
cutaneous tissues more readily than it does the
epidermis.
Most of the adnexa are removed after four
incubations with trypsin. After further treat-
ments it becomes increasingly difficult to find
intact glands or follicles in histological sections.
At the sites of digested hair follicles and seha-
eeous glands rather delicate fibrillar networks re-
main. These structures are presumably the
retieular investment of the adnexa and are best
seen with the Verhoeff silver stain.
Trypsin digestion, when exhaustive, leaves a
dermis in which few if any intact cells can be
found (Fig. 2). With toluidine blue staining mast
cells are rarely found, but metaehromatieally
stained granules, which undoubtedly were
released from the disintegration of mast cells,
are widely scattered throughout the dermis.
These tend to be most numerous in the deeper
portion of the dermis where they are by far the
most prominent structures remaining to be
stained by this dye.
At the denuded surface of the dermis, Azan
staining reveals a thin layer of compact fine
fibers which, at higher magnification, are found
to have a ragged surface as though the fibers
had been torn loose from the epithelial tissue.
At the base of this layer the fibers blend in
continuity with the looser, coarser collagen fibers.
Trypsinization of the skin results in the separa-
tion of the swollen collagen fibers with micro-
scopically "empty" spaces. Thus the overall
effect of the trypsin treatments is a dermis which
is nearly twice as thick as the undigested normal
skin (Figs. 1 and 2).
Cells Isolated by Trypsin Digestion. During
trypsin digestion of skin the combined action of
the enzyme and the agitation leads to separation
of epithelial cells from the dermis. Studied in
smears, the cells are found to include a variety
of types (Figs. 3 and 4) derived mainly from the
basal layer of the epithelium and from the adnexa.
Some are large squamous cells with eosinophilie
transparent cytoplasm and indistinct nuclei.
Other squamous cells still retain a darkly stained
nucleus and well stained cytoplasm (Giemsa
stain). The majority of the isolated cells are
small to medium in size and have intensely
stained nuclei and moderately basophilie cyto-
plasm. An occasional cell with dark granules in
the cytoplasm can be found. There is little evi-
dence for the existence of lipid-containing cells
in the sediment.
Scraped Skin. Scraping the epidermis from the
surface of the stretched skin with a sharp scalpel
blade leaves hair follicles and sebaeeous glands
intact (Fig. 5). Variations in the depth of scraping
result in frequent disruption of the papillary
layer of the dermis. With Azan stains it can be
shown that the dense and compact fine fibers of
the papillary layer are often missing. Torn
bundles of thick eollagenous fibers are found
reaching to the scraped surface in such areas.
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FIG. 5. Mouse skin from which the fatty portion of the dermis was first scraped, and then the hulk o
the epidermis was mechanically removed by scraping the stretched skin with a sharp scalpel. A smal
amount of epidermis remains on the left side of this specimen. H & E X 152
FIG. 6. Following eollagenase digestion of the "scraped" skin, such as shown in Figures, the hair fol-
licles, with and without hairs, are readily collected. See text for details. Thionin, X 38
Mast cells are rarely found intact; however,
their presence is indicated by a scattering of
metachromatic granules which are more con-
centrated in the deeper dermis.
Collagenase Digested Skin. Mouse skin after
treatment with collagen ase can be seen under
the binocular dissecting microscope to have hair
follicles and sebaeeous glands still intact and
attached to the epidermal layer. Inasmuch as
they are lacking in supporting tissues, these
relationships can seldom be seen in sectioned
materials. Sections do, however, reveal that
collagenase digestion has left very little in the
way of dermal constituents (Fig. 7). The
epidermis appears to be untouched by the diges-
tion and consists of the usual basal layer covered
by a continuous layer of squamous cells. Where
hair follicles have been cut fortuitously, the
continuity of epithelium of the hair follicle with
that of the epidermis can be recognized. Seba-
eeous glands associated with the hair follicles
appear to be unaffected by the collagenase. Silver
stains of this epidermis and adnexa after eol-
lagenase digestion reveal a reticular network
which is concentrated at the base of the epidermis
and spreads to surround the adnexa (Fig. 8).
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Occasional cells can be distinguished throughout
the reticulum. These usually have large pale
staining nuclei and are judged to be reticular
cells.
Free Cells from the Dermis. Digestion of the
dermal collagen fibers with agitation leads to
the release of most of the free connective tissue
cells of the dermis. When spun down and smeared
onto slides, the sediment is found to contain
numerous cells recognizable as fibroblasts, some
reticulum cells, and a few intact mast cells. A
cluster of cells from such a preparation is shown
in Figure 9. Poorly defined masses of amorphous
material are present in the preparation, some
staining bright blue and some reddish purple
with the Giemsa stain. The latter reddish purple
material is finely granular at higher magnifica-
tions and may represent incompletely digested
collagen. In the background of the entire prep-
aration are innumerable granules which stain
reddish with the dyes used. Because of the stain-
ing and after comparison with other preparations,
it appears that these may represent mast cell
granules.
Free II air Follicles. When skin has been
stretched and scraped with a sharp scalpel to
remove most of the epidermis and is then sub-
jected to collagenase digestion, the hair follicles
are released from the dermis and may be col-
lected by methods described in the following
section. A representative smear of such isolated
hair follicles is shown in Figure 6. The cellular
sleeve-like follicle may be seen alone or surround-
ing a hair shaft. Around some of the hair roots
darkly stained epidermal cells still remain
clustered. Similar cells that have been separated
from the hair root are found throughout the
preparation either singly or in clumps.
METABOLIC STUDIES OF ISOLATED
SKIN COMPONENTS
Whole Skin. Whole mouse skin has been shown
to be one of the most active lipid synthesizing
tissues (22). Table I presents data on the oxygen
consumption of whole mouse skin and its ability
to synthesize C'4O2 and labeled lipids from 1-
C'4-acetate. The skin incorporated 13.7% of the
available labeled acetate into C1402 while con-
verting 0.40% of the radioactivity into non-
saponifiable lipids and 0.74% into saponifiable
lipids. Previous investigations have shown the
non-saponifiable portion of skin lipids to consist
mainly of squalene and sterols (5—7, 9, 12, 22),
while the procedures (19) employed are known to
yield a saponifiable lipid fraction consisting of
straight-chain fatty acids of four carbon length
or greater (6, 9, 13, 14).
Epidermis with and without Adnexa. The ep
dermis has been obtained by three different
methods, each preparation having structural and
metabolic characteristics quite different from
the others. The data in Table I show that the
epidermis obtained by mechanical sectioning
displayed very little of the acetate metabolism
and oxygen consumption of whole skin. Ap-
parently no non-saponifiable lipid was synthesized
from 1-C"-acetate by this scraped epidermis.
Repeated trypsin washings (four or more) of
whole mouse skin yielded a suspension of cells
derived from epidermis, hair follicles, and seba-
ceous glands with slightly increased conversion
of acetate to C'402. A representative suspension
of these cells is shown in Figures 3 and 4.
Epidermis with intact adnexa and including
reticulum (Figs. 7 and 8) obtained from ex-
haustive collagenase treatments consumed 43%
as much oxygen as whole skin and yet converted
1.15 times as much 1-C'4-acetate to C'402. These
components of skin synthesized saponifiable
lipids actively (83% of the activity of whole
skin) and possessed a slightly greater ability
than did intact skin to convert 1-C'4-acetate to
non-saponifiable lipids.
Viable cell counts (trypan blue method) of
the epidermis removed by trypsin digestion and
the epidermis and adnexa from collagenase
treatment (the cells were freed by trypsin for
Flo. 7. Collagenase digested mouse skin. The epidermis, hair follicles, and sebaceous glands are in-
tact, but the bulk of the dermis has been removed. Digestion of the collagen also releases most of the
dermal connective tissue cells. Thionin, X 380
Flo. 8. Collagenase digested mouse skin similar to Figure 7 but here stained by silver to show the
residual reticulum most evident in the superficial layer of the dermis. A few connective tissue cells
may be seen in association with these fibers. Verhoeff silver, X 380
FIG. 9. Cells washed out of mouse skin during collagenase digestion. A variety of connective tissue
cells can be recognized, but fibroblasts appear to predominate. Toluidine blue, X 600
FIGs. 7—9
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TABLE I
Comparison of oxygen consumption and acetate' metabolism of whole mouse skin and epidermis prepared
mechanically or enzymatically
Whole Mouse Skin2 ScrapedEpidermis2
Trypsin Released
Epidermis +
Adnexa Cells2
Collagenase Treated
Epidermis +
Adnexa'
d.O,/hr.'
CO2 (c.p.in. X 10—')'
Non-saponifiable lipids (c.p.m.)'
Saponifiable lipids (c.p.m.)'
168 24.0
170 32
5,000 2,200
9,200 2,200
8.4 3.4
1.1 0.35
<60
546 18
6.6 1.6
7.2 1.4
<60
390 130
72.4 9.0
195 58
5,700 1,830
7,650 1,400
11.242 X 10' c.p.m. of 1-C'4-acetate (sp. act. of 2.0 me/mM) included in each incubation.
'Data recorded are from whole skin and epidermis derived from 1 gm. mouse skin (fresh weight).
'Each value an average of three or more incubations.
deviation.
TABLE II
Comparison of oxygen consumption and acetate' metabolism of mouse dermis and hair follicles prepared
mechanically or enzymatically
Collagenase Treated
Hair Follicles' Scraped Dermis2
Trypsin Treated
Dermal Residue'
Collagenase Freed
Dermal Cells'
,Ll.O,/hr.'
CO2 (c.p.m. X 10')'
Non-saponifiable lipids (c.p.m.)'
Saponifiable lipids (c.p.m.)'
2.6 1.7
0.03 0.016
<60
100 73.4
71.2 10.8
76 22
1,350 616
566 151
36.2 7.6
112 17
8,740 1,700
17,000 5,500
4.2 1.8
108 18
158 23
7,200 1,500
11.242 X 10' c.p.m. of 1-C'4-acetate (sp. act. of 2.0 me/mM) included in each incubation.
'Data recorded are from hair follicles and dermis derived from 1 gm. mouse skin (fresh weight).
'Each value on average of three or more incubations.
deviation.
counting purposes) indicated in each case from
75—92% viable cells.
Hair Follicles. A rather homogeneous prepara-
tion of hair follicles may be obtained by first
scraping the epidermis from shaved skin fol-
lowed by an exhaustive collagenase digestion.
The digest was first poured through a nylon
screen2 with openings of approximately 0.04
sq. mm.; this screen retained debris and remaining
epidermal sheets. Then the filtrate was poured
through a nylon screen with 0.005 sq. mm.
openings on which most of the hairs and follicles
collected (Fig. 6). These structures consumed
trace quantities of oxygen while producing small
quantities of C'402 and labeled saponifiable lipid.
No labeled non-saponifiable lipid was detected
(Table II).
Dermis with and without Adnexa. Most of
whole skin's ability to consume oxygen, produce
C'O,, and synthesize lipids from 1-C14-acetate
was destroyed by removing the epidermis with a
sharp scalpel. The remaining activity was in
the residual dermis containing intact adnexa
and damaged reticulum (Fig. 5 and section on
the histological studies). The data in Table II
show that only 42% of the oxygen consumption,
45% of the C1402 production, and from 6 to 27%
of the lipid production remained.
After exhaustive trypsin treatment the derinal
tissue obtained without hair follicles and seba-
ceous glands (Table II) still contained connec-
tive tissue cells and reticulum (Fig. 2 and section
on the histological studies). This material con-
sumed only 22% as much oxygen as whole skin
but remarkably retained the same or improved
capacity for the production of C'402 and labeled
saponifiable and non-saponifiable lipids from
1-C'4-acetate.
Isolated Dermal Cells. Collagenase freed clermal
cells (Fig. 9) (not including the reticulum which
NS — e. p. m. in non-saponifiable lipids of component—
c. p. m. in non-saponifiable lipids of whole skin
—
c. p. m. in saponifiable lipids of component
e. p. m. in saponifiable lipids of whole skin
was left attached to the epidermis, Fig. 8) con-
verted considerable amounts of 1-C'4-acetate to
C'402 and fatty acids (Table II). Only minor
amounts of oxygen were consumed and trace
quantities of non-saponifiable lipids produced.
These cells were 80—85% viable in the trypan blue
test.
DISCUssION
The relative metabolic activities of the skin
components as obtained by the three methods of
separation employed are compared to whole
mouse skin in Figure 10. First, it may be noted
that the mechanical removal of the epidermis
left less than half of the metabolic activity of in-
tact mouse skin in the combined activities of the
epidermis and dermis plus adnexa. The greatest
decrease in activity was in the synthesis of non-
saponifiable lipids (27%) and saponifiable lipids
(12%). In contrast the two enzymatic separations
of skin components were much less detrimentnl
to the measured metabolic activities. In fact,
the combined lipid synthesis and C'O2 production
of the components isolated by each of these
methods were the same as or greater than the
activity of whole skin. There was, however, a loss
of total oxygen consumption encountered in all
the methods used to separate the skin into its
component parts. This missing oxygen consump-
tion is apparently not related to lipid synthesis
nor to the oxidation of acetate but may in some
way reflect the exhaustion of essential metabolites
during the prolonged enzymatic digestions, or a
portion of the oxygen utilization may be de-
pendent on the structural integrity of the epi-
dermis and dermis.
In addition, from Figure 10 it is apparent that
mechanically isolated epidermis, eollagenase
freed hair follicles, or trypsin liberated epidermal
and adnexa cells consumed so little oxygen that
they must be for the most part anaerobic. It
should be pointed out that the trace quantities
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FJG. 10. Schematic diagram showing skin components and structures isolated by the various proce-
dures. The metabolic activities of the components are expressed relative to that of whole mouse skin.
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of C'402 and labeled saponifiable lipids produced
by these epithelial structures could be due to a
contamination of other cell types or skin com-
ponents. In any case, the epithelial cell which
comprises a sizable part of the skin's cellular
make-up (epidermis and adnexa) takes little or
no part in the in vitro lipid or oxidative metabo-
lism.
In contrast, the epidermis, adnexa, and re-
ticulum isolated following collagenase treatment
retain most of the skin's remaining oxidative
metabolism, all of its non-saponifiable lipid syn-
thesis, and an appreciable portion of its saponifi-
able lipid synthesis. The aerobic and lipogenous
character of these epithelial structures with
reticulum would appear, therefore, to be due to
the papillary reticulum inasmuch as isolated epi-
dermis and adnexa have not shown these meta-
bolic activities.
Additional evidence indicating the significant
participation of the papillary reticulum in the
metabolism of skin may be found in the data
derived from the incubation of the residual dermis
and reticulum after exhaustive trypsin treatment.
This material although devoid of epithelial struc-
tures displays all the remaining oxygen consump-
tion, C'402 production, and lipid synthesis. Since
isolation of the dermal cells by the collagenase
procedure has shown these components to be
proficient only in the oxidation of acetate and
the synthesis of fatty acids, this again leaves the
papillary reticulum as the apparent site of a
major portion of the skin's oxidative and lipid
metabolism.
It can be concluded that two distinguishable
lipid synthesizing and oxidative centers are pres-
ent in mouse skin under the in vitro conditions
used. One consists of the collagenase released con-
nective tissue cells of the dermis which oxidize
acetate readily and are capable of synthesizing
large quantities of saponifiable lipids. The other
center associated with the papillary reticulum
is not only able to oxidize acetate and synthesize
saponifiable lipids but comprises the only demon-
strable non-saponifiable lipid synthesizing site in
mouse skin.
SUMMARY
1. Combined mechanical and enzymatic (tryp-
sin and collagenase) methods are described for
dissecting mouse skin into the following structural
and possibly functional components: epidermis
with and without adnexa, hair follicles, dermis
alone or with adnexa, and isolated dermal cells.
2. In vitro studies were made of the isolated
skin components to determine their oxygen con-
sumption and the conversion of 1-C'4-acetate to
C14O2 and labeled saponifiable and non-saponifi-
able lipids.
3. Very low oxygen consumption synthesis of
C'402 and saponifiable lipids were found in either
epidermis or hair follicles, while large amounts of
labeled acetate were converted into C'402 and
saponifiable lipids by isolated dermal connective
tissue cells.
4. Dermis, free from epidermis, hair follicles,
and sebaceous glands, equaled or exceeded intact
skin in synthesizing non-saponifiable lipids as
did collagenase-digested skin from which all con-
nective tissues with the exception of the papillary
reticulum were removed.
5. The role of the papillary reticulum in the
oxygen consumption and in the synthesis of lipids
in mouse skin is discussed.
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